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Objectives: To compare the correlation and practicability ofsingle-stage vs. graded treadmill protocols in the assessment 
of the absolute claudication distance (ACD). 
Design: Randomized open study. 
Material and methods: In 52 patients with peripheral rterial occlusive disease, the ACD on treadmill at 3km/h and 
12% grade (constant-load test= C-test) ranged from 50 to 400m. The C-test and the graded-exercise test (walking on the 
treadmill at 3km/h and 0% gradient for 3 min, with subsequent increase in gradient of 3.5% every 3 min = G-test) were 
carried out at random on the same day under standardized conditions. 
Results: The ACD was higher in the G-test than in the C-test (360.4+208.8m vs. 166.5+93.6m; p<O.O01). The 
coefficients of variation were very similar (57.9% and 56.2%, respectively). In the subgroup of patients with an ACD of 
between lOOm and 150m, a large difference was found both for the coefficient of variation (58.6% G-test, 9.6% C-test) 
and for the standard eviation (339.8-t- 199.0m and 133.1 +_ 12.8m, respectively). 
Conclusions: For the assessment of the ACD in patients with severe claudication the C-test would seem to be more 
suitable than the G-test. 
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Introduction 
The severity and natural history of intermittent clau- 
dication can be evaluated on the basis of various 
objective and subjective parameters. With some re- 
strictions, the established method of choice is the 
determination f the walking distance on the treadmill, 
where both the initial claudication distance (ICD; dis- 
tance at which pain first occurs) and the absolute 
claudication distance (ACD; maximum distance ter- 
minated by pain) can be measured. 
In order to ensure the comparability of such ex- 
aminations, the test conditions on the treadmill need 
to be standardised. Because of differences in both the 
treadmill speed (2.0-5.9 kin/h) and gradient (0%-12%), 
the treadmill protocols used have widely divergent 
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tMET's indicate work metabolic rate/resting metabolic rate. One 
MET represents 3.5 ml of oxygen consumed per kilogram of body 
weight per minute. 
workloads (1.0-6.0 MET'st). Thus, comparability is 
virtually impossible. With the aim of improving this 
situation, in particular for clinical studies, the German 
Society of Angiology recommends a treadmill protocol 
at which the speed is kept constant at 3km/h and the 
gradient fixed at 12% (constant-load test, or C-test)} 
Because of allegedly large inter- and intraindividual 
variability of this test, other working groups 2-5 give 
preference to the graded-exercise treadmill test (G- 
test). Here, the speed of the treadmill is kept constant 
at 3.21km/h (2 mph), while the gradient is varied from 
0% to a maximum of 17.5%, being increased in steps 
of 3.5% at 3-min intervals, 2 or from 0% to a maximum of 
14%, 3 with the increase being made at 2-rain intervals. 
According to Hiatt et al., 4 the coefficient of variation, 
both for the intraindividual and interindividual vari- 
ation, is lower than in the case of the C-test. However, 
this statement is based on indirect data obtained from 
published reports on the different treadmill testing 
methodologies. Moreover, the sole direct comparison 
made was between the Gardner protocol and the 
constant-load treadmill protocol at 2.41km/h 
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Table 1. Patient characteristics. 
Mean STD 
Age (years) 62.5 8.3 
Body height (cm) 171.6 7.2 
Body weight (kg) 77.9 11.5 
Duration of claudication (months) 35.9 32.0 
Ankle doppler pressure (mmHg) 87.4 29.3 
Ankle/arm index 0.6 0.2 
Decrease of ankle blood pressure after 39 26 
exercise (%) 
C-test 
Initial claudication distance (m) 93 63 
Absolute claudication distance (m) 167 94 
G-test 
Absolute claudication distance (m) 360 209 
Sex Total 
Male 46 
Female 6 
Occlusion type (multiple responses are 
possible) 
Pelvic 7 
Upper leg 41 
Lower leg 10 
Concomitant diseases/risk factors 
Coronary heart disease 13 
Hypertension 32 
Hyperlipidemia 36 
Diabetes 0 
Obesity 20 
Smokers 30 
(1.5mph) and a gradient of 7.5% (3.7 MET's; 0.5 watts/ 
kg/bw), 3 which does not correspond with the con- 
ditions of the Hiatt protocol or the conventional C- 
test (5.5 METs; i watt/kg/bw). This pilot investigation 
was carried out with the aim of comparing these 
two most popular test procedures, in particular with 
respect o their practicability and their variation. 
Patients and Methods 
A total of 52 patients from five angiological centres 
were enrolled in the pilot study. In accordance with 
the inclusion criteria, they were all suffering from 
intermittent claudication with an ACD on the treadmill 
(12% gradient, 3kin/h) of between 50 and 400m. The 
mean ACD was 167 94m and the mean ICD was 
93_63m (Table 1). The stenoses or occlusions of the 
above-knee or below-knee type had been confirmed 
by Duplex ultrasound or angiography. The ankle- 
brachial index (ABI) in the affected limb had to be 
<0.85 at rest and the absolute arterial pressure at the 
ankle of the infected limb had to have decreased by 
at least 10% after 1 rain exercise on the treadmill. 
Details of the demographical data of all the patients: 
age, height, weight, duration of claudication, type of 
occlusion, risk factors, arterial ankle pressures and 
walking distances, are shown in Table 1. Written in- 
formed consent was obtained from all patients. 
Patients uffering from rest pain and/or necroses, 
diabetes mellitus, inflammatory arterial disease or 
other conditions limiting the walking distance were 
excluded from the study. Patients were also excluded if
the treadmill test might have represented an additional 
risk (decompensated congestive heart failure, severe 
ventilation disorders, evere coronary arterial disease). 
Prior to enrolment, he patients (outpatients or in- 
patients) were examined for their suitability on the 
basis of inclusion/exclusion criteria. The arterial pres- 
sure measurements were determined atrest and after 
i min exercise on the treadmill. For this purpose, after 
a resting period of 10 min the arterial pressure was 
measured by Doppler Ultrasound on the brachial ar- 
tery of the recumbent patient, and the systolic ankle 
pressure of the most affected leg (the highest value 
being taken in each case). This was followed by a l- 
rain load on the treadmill at 3km/h and 12% gradient. 
Immediately following this test run, the pressure in 
the brachial artery and the systolic ankle pressure 
were determined with the patient recumbent, and the 
ABI and the decrease in the ankle pressure calculated 
as a percentage. 
Constant-load test (C-test) 
This conventional test was carried out with the tread- 
mill set at a constant gradient of 12% and a constant 
speed of 3km/h. The ICD, that is the distance walked 
until pain was first experienced, and the maximum 
walking distance (ACD) were determined. The cor- 
responding times were also recorded. 
Graded-exercise t st (G-test) 
The treadmill protocol as described by Hiatt et al. 2'4 
was employed. At a gradient of initially 0%, the patient 
began walking on the treadmill at a constant speed of 
3km/h. After 3 min, with the patient continuing to 
walk, the gradient was increased to 3.5%, the speed 
remaining unchanged. After another 3 min, the gra- 
dient was increased to 7.0%. This procedure was con- 
tinued, the gradient being increased by 3.5% every 3 
min until the gradient was 17.5%, unless pain forced 
the patient o abandon the test earlier. The maximum 
walking time and distance were recorded for each 
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Fig. 1. Coefficient of variation of the C- and G-test with respect to the absolute claudication distance. ([]) C-test; ([]) G-test. 
time period. Following adaptation to the treadmill, 
every patient underwent both tests on the same day 
in random order with a resting period of at least lh  
between them. Blood pressure and heart rate were 
measured prior to, and immediately after, loading. In 
addition to the walking distance and walking time, 
any side effects that might have occurred were noted. 
At the same time, the patient was questioned to deter- 
mine the tolerance and acceptance of the respective 
test. 
Statistical Analysis 
Descriptive parameters were used to compare the 
constant-load and graded-exercise treadmill test 
(mean, standard eviation and coefficient of variation). 
The correlation coefficient according to Bravais- 
Pearson was calculated to describe the dependence of 
variables (within the treadmill test and between the 
two tests). The two tests were assessed, for the most 
part, on the basis of the ACD. Additionally, a re- 
gression analysis for determining the linear re- 
lationship between the absolute claudication distances 
was done. 
Results 
A comparison of the ACD's in the C-test and G- 
test revealed a significant difference. Thus, the mean 
absolute claudication distance in the C-test was 
167m+94m and that in the G-test was 360m±209m 
(p<0.001, one sample t-test). For all patients with an 
absolute claudication distance of between 50 and 400 m 
(referring to the C-test), the coefficients of variation in 
the C- and G-tests were virtually identical (56% and 
58%). Stratification of the absolute claudication dis- 
tances under 100m and between 100 and 150m re- 
vealed appreciably larger coefficients of variation for 
the G-test than for the C-test: 20% vs. 62%, and 10% 
vs. 59%, respectively (Fig. 1). The deviation of the 
mean value (STD) is also larger with the G-test than 
with the C-test, reaching a max imum in the range 
100-150m (Table 2). 
The correlation of the absolute claudication distance 
of the C-test and the G-test, and the regression equa- 
tion, are shown in Figure 2. For all patients with 
an ACD of between 50m and 400m the correlation 
coefficient was 0.73961. A stratification into walking 
distance of less than 100m revealed a correlation co- 
efficient of only 0.27703; at an ACD of 100-150m, the 
correlation coefficient was 0.58982, and with distances 
of more than 150m, 0.64762. In the C-test there was a 
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Table 2. Mean and STD of the absolute claudication distance in the C- and G-test. 
Absolute claudication distance 
<100m 100-150m >150m 50-400m 
C-test N 16 15 21 52 
Absolute MEAN 80.1 133.1 256.1 166.5 
claudication STD 16.3 12.8 82.4 93.6 
distance (m) CV 20.3 9.6 32.2 56.2 
G-test N 16 15 21 52 
Absolute MEAN 180.6 339.8 512.1 360.4 
claudication STD 111.9 199.0 153.9 208.8 
distance (m) CV 62.0 58.6 30 57.9 
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Fig. 2. Correlation of the absolute claudication distances of the C-test and G-test. Regression equation: graded test = 85.8 + 1.65 x constant 
test. r =0.74; p<0.001. 
good correlation (0.83598) between the ICD and the 
ACD. 
No correlation was to be seen between the ankle- 
brachial index, the mean of which was 0.6 + 0.2, and 
the ACD in either the C-test or the G-test (0.41254 and 
0.53173, respectively). Nor did the decrease in ankle 
pressure (mean decrease of 39%___26%) after 1 rain 
exercise on the treadmil l  correlate wi th  the absolute 
c laudicat ion distance either in the C-test or in the G- 
test ( -0 .32364 and -0.25308,  respectively). Nor  was 
there any correlation between the decrease in ankle 
pressure and  the ankle-brachial  index (-0.31263).  
Both treadmil l  tests were per formed by all 52 
patients, who experienced no adverse reactions, and  
there were no dropouts.  Dyspnoea of effort was ob- 
served in six of the pat ients undergo ing  the C-test, 
and  in 10 of those per forming the G-test. An  assessment 
of the treadmil l  test by the pat ients howed that 77% 
considered the C-test to be st renuous or very strenu- 
ous, compared with only 39% in the case of the G- 
test. E ighty-one percent of the pat ients gave preference 
to the G-test, and  only  19% to the C-test (p<0.001). 
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Discussion 
The aim of this multicentre pilot study was to compare 
the conventional C-test and the G-test, which is pres- 
ently being recommended as more suitable for the 
assessment of the exercise capacity of patients with 
claudication. 4 
The patients enrolled were selected in accordance 
with defined clinical, functional, and haemodynamic 
criteria. The morphological diagnosis of PAOD was 
based on the findings of angiography and/or Duplex 
sonography. An ACD of between 50m and 400m was 
chosen as an inclusion criterion in order to permit 
stratification of the severity of the functional im- 
pairment. The age structure, sex distribution and the 
clinical features of the patient groups - diabetes mel- 
litus excluded - were identical with those of an average 
peripheral arterial occlusive disease (PAOD) popu- 
lation in Fontaine stage II (intermittent claudication). 
An analysis of the walking distance measured showed 
that the end point - maximum claudication pain - 
was determined significantly earlier in the C-test han 
with the G-test. In consequence, the ACD's determined 
with the G-test are, on average, about 50% higher than 
those determined with the C-test. This observation 
makes sense when we remember that the working 
loads of the first three stages of the G-test are ap- 
preciably below 5.5 MET's, or 1 watt/kg/bw, of the 
C-test. Similar results were also obtained by Gardner 
et al. 3 
A global consideration of the walking distance de- 
termined reveals that, taking account of the quan- 
titative differences involved, both test procedures are 
comparable with each other. After stratification of the 
data, however, in particular with respect o the more 
important Fontaine stage IIb of PAOD (ACD <200m), 
the C-test proves superior to the G-test. 
For the coefficient of variation - defined as the size 
of the standard eviation relative to the size of the 
mean - no noteworthy differences are to be found, 
either for the overall group or for the subgroup with 
an ACD >150m. On the other hand, the coefficients 
of variation in the subgroups differ from each other 
quite considerably - by a factor of 3 for walking 
distances <100m (walking time 1-2 min), and as much 
as six-fold for walking distances 100 m-150 m (walking 
time 2-3 rain). The probable xplanation for this is the 
fact that during the first 3 rain of the graded-exercise 
test (G-test) at a gradient of 0% the working intensity 
is so low that the walking capacity of the claudicants 
is greatly overestimated. 
The comparison of the coefficients of variation of 
both test procedures must be viewed critically, as the 
test conditions (grades) are different and, owing to 
the resulting reater mean value of the G-test, small 
coefficients of variation are to be expected. This makes 
the result obtained, namely that despite the claims of 
critics 4the actual situation is quite the reverse, all the 
more interesting. 
Within the entire range between 50m and 400m 
there is a good linear correlation between the two 
tests. However, analogously tothe situation found for 
the coefficients ofvariation, the correlation for walking 
distances of between 100m and 150m was much 
weaker, and for ACD's <100m correlation was found 
at all. 
For the C-test there is at least one report in the 
literature showing an intraclass correlation coefficient 
of more than 0.9. 6 In contrast, Gardner et al. 3 postulated 
a superior intraclass correlation for the G-test. In our 
pilot study these findings were not taken into con- 
sideration because the practicability as well as the 
correlation of these two exercise tests were to be 
investigated in the first place. Currently, further con- 
trolled studies are underway involving repeated meas- 
urements to determine the intraclass correlation and 
reproducibility, together with the course over time of 
the mean values and standard eviations of both the 
test procedures. 
No correlation was found between the ABI or the 
decrease in systolic ankle pressure after exercise and 
the degree of exercise impairment or functional lim- 
itation. This offers support o the view that haemo- 
dynamic parameters alone do not suffice for an 
assessment of patients with intermittent claudication. 4 
Assuming compliance with the exclusion criteria, both 
treadmill tests proved safe for the patient. The some- 
what greater incidence of dyspnoea observed uring 
the G-test was due to the lack of fitness of the clau- 
dicants, who had to spend almost twice as long on 
the treadmill as the case of the C-test. No drop-outs 
were observed. As in accordance with the graded test 
protocol the working intensity inereases gradually, 
patients found the G-test to be less strenuous and 
more preferable. In contrast, he C-test was less time- 
consuming and more practicable. 
Overall, it may be concluded that although there 
was good agreement between the two threadmill tests, 
they do exhibit relevant methodological differences, 
especially in the evaluation ofthe walking performance 
in patients with very short waling distances. For this 
reason, the C-test should be considered the more 
appropriate method in patients with severe inter- 
mittent claudication. 
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